The ratio of the bodyweights of male and female rats, together with the weight of the females, seems to give valuable information as to the biological value of an experimental food as a whole and to the lifespan expectancy. Extremes of the bodyweight ratios are 0.9 and 2.0, the lower ratios applying to younger age groups and to old animals, the higher ratios to the ages in between. There is evidence that diets which are most favourable with regard to longevity give rise to maximum ratios between 1.5 and 1.6, which are maintained during later life. The females give always less response to dietary measures and are less disturbed by very bad quality rations than the males. Their lifespan is often longer than that of the males.
Many years of feeding experiments with the Wi star strain of albino rats in the Netherlands Institute of Nutrition have demonstrated that the bodyweight ratio between the sexes can vary substantially.
This may be a reflection of the larger nutrient requirement of the male in comparison with the female giving rise to greater variations in growth under various feeding conditions of the former.
A trial was made therefore to obtain a better understanding of the qualities of the food (including manufactured foods) that have the largest influence on the weight ratio of the sexes. In some cases the effect of diet on longevity has also been studied. METHODS Data on bodyweights and weight gain were collected from a number of experiments carried out over the last 18 years. No effort was made to give a complete review, but a selection has been made of some experiments of long duration, of series repeated after a long time interval with the same, or at least very similar rations, and of some studies with rations of rather unusual composition.
All data refer to the Wi star albino rat. If not stated otherwise food and drinking water were given ad libitum.
Many of the studies concerned investigations on the nutritive value of food composed according to the average consumption of the Dutch population through a number of years (RAN food). The rations were given ad libitum or in restricted amount, supplemented with protein, amino acids, vitamins and complex products.
Only parts of these data have been published in extenso (Van der Rijst, Jansen, Beeker & Wostmann, 1955; Dalderup, Den Hartog, Pol & Rutgers, 1965; Dalderup, Keller, Visser, de Vries & van Haard, 1967; Dalderup & Visser, 1969) . Other rations reported here had high and medium fat contents with varying types of fat and polyunsaturated fatty acid content, supplements of pyridoxine or de-oxypyridoxine, a varying sugar content, etc. Details have been published previously (Den Hartog, Pol, Keller, Dalderup & Meyknecht, 1963; Pol, Den Hartog & Meyknecht, 1965; Da1derup et al., 1967) . A larger number of the feeding trials were intended to produce dental caries in the rats and to study methods of inhibiting the progress of such lesions (Jansen et al., 1951; Luyken, Dalderup & Jansen, 1953; Dalderup & Jansen, 1955a,b,c; Dalderup, 1959a Dalderup, ,b,c, 1960 . Rations described by Hoppert, Webber & Canniff (1932) , Shaw, Schweigert, McIntire, Elvehjem & Phillips (1944) , Sognnaes (1948) , Steenbock & Black (1925) , and Bonting's ration (Bonting, S. L. 1952 . The effect of a prolonged intake of phosphoric acid and citric acid in rats. Thesis, Amsterdam University) were used, as well as candy-bar-phosphate rations (Dalderup & Backer Dirks, 1966) . In other studies baby biscuits, both dry and prepared with milk, were given for comparison with other-more conventional-baby foods, and also a high-protein biscuit meant for older consumers was tested (Dalderup, I959b)* .
Chemical analyses were not carried out systematically and were usually limited to measurements directed to the special problems studied (see references). The caloric contents of the rations were calculated with help of the data of the Dutch food composition tables (published annually in Voedingt) based on analyses of the food products as used for preparing the rations, or from analytical data on the moisture, fat, protein, etc. of the special products (e.g. the earlier RAN foods, the high-protein biscuits, etc.). Vitamins and minerals were either supplied by supplements added to the rations or were supplied by food products as taken by human beings and the levels were always adequate, although in the latter cases not always optimal for the rat. Although various *The composition of the diets is available in the form of tables and will be sent on request. tThe Netherlands Journal of Nutrition. nutrients were studied, systematic comparisons per nutrient over the near 20 years of study are not possible; for instance, the food consumption and food efficiency were not always measured in the earlier studies on dental caries. However, from a number of experiments with rations varying in protein, fat and sugar contents the food consumption and efficiency data are available.
RESULTS AND DISCUSSION
The ratios of the bodyweights of male and female rats at weaning (21-24 days old)-the age at the start of most of the experiments-were for about *Diet restricted to 70%. All other diets fed ad libitum. tDifferences of 0.2 or more in the ratios are always statistically significant at the 5 per cent level or better; differencesbetween 1.5 and 1.4, and 1.6 and 1.5, reach significanceat 5 per cent level for groups of 25 animals or more- RAN 1950 and their controls on stock-and at 5-10 per cent level for all other groups (18-22 animals); the differences betweenratios 1.0 and 0.9 were significantat the 5 per cent levelor better in all cases reported. lExperimer.t done 1955. "Experiment done 1965. 3Experiment done 1969. 120 groups and a total of near 3 500 animals between 1.0 and 1.1; after 6 weeks on the various diets it ranged between 0.9 and 1.6 (data for the same number of groups and animals). Mter 12 weeks the ratios were between 1.0 and 1.7 in over 100 groups and nearly 3000 animals; at 6 months old between 1.1 and 1.9 in 80 groups with over 2 000 animals; at 9 months between 1.2 and 1.9 in 50 groups with about 1000 animals; at one year 1.4-1.8 in 14 groups with near 500 animals; at 18 months 1.2-1.7 in 14 groups with still about 300 animals; and 1.1-1.7 after 2 years in 14 groups with about 175 animals.
There was always an increase of the bodyweight ratio with advancing age. From the data of animals kept for 9 months and longer on experimental foods, a tendency to a decrease of the ratios-especially of those that were initially very high-was seen in the animals surviving after that time in most groups. This picture was however not found in groups of stock animals ( Table 1 ), suggesting that a decrease of the ratios is perhaps not the normal course of events. Animals less than 1 year of age are usually still gaining weight, probably the effect on the weight ratio comes by a relative slowing down of weight increase of males in comparison with that of females. There is no indication that the heaviest animals die earlier in these groups. In the relatively scarce data of 2 years and older, animals on all diets show a tendency to lose weight (Table 1) , and this is more pronounced in males than in females. There is also a tendency to a slight decrease of the food consumption in these older animals.
The reproducibility of weight after a certain experimental period proved to be fairly good through the years, although exceptions are present.
The sex bodyweight ratios being age dependent, it is perhaps not surprising that factors which influence these ratios are not always effective at the same ages.
Increased ratios were brought about by supplementation of the food or replacing partes) of it by: NaF (Table 2) (Dalderup & Visser, 1968; Dalderup, unpublished) ; a commercial powdered barley product (Dalderup et al., 1965, and see Table 1 ); by butter, usually, and, to a somewhat less consistent extent, by margarine (Den Hartog et al., 1963; Pol et aI., 1965; Dalderup et af., 1967) . No definite influence was seen on the ratios by varying the protein contents or the type of fat of the food or from giving raw or baked cooked products; with dried ingredients (RAN foods) the ratios were rather low (Table 2) .
A decrease of the ratios was produced by supplementing with or replacing parts of the diet by de-oxypyridoxine, a pyridoxine inhibitor (pol et al., 1965) , CaCO 3 (Dalderup, 1959c) , high levels of phosphate (Dalderup & Backer Dirks, 1966) , giving soy protein instead of casein (Table 2) , or by increasing the fat and/or the sugar content (Table 2) (Dalderup & Visser, 1968 , 1969 . On the other hand high-sugar and high-fat rations could give high ratios,
Weight ratio but these are diets-e.g.
the Shaw-Sognnaes (Jansen et al., 1951; Dalderup & Jansen, 1955a,c) , the candy bar (Dalderup & Backer Dirks, 1966) , the highfat foods used in 1962 (Den Hartog et al., 1963) -with an appropriate supply of vitamins and minerals.
An optimal supply of nutrients was not always present in cases were one constituent was replaced by another, as for instance was done in the RAN 1961 diets in 1966 (Dalderup & Visser, 1968 , 1969 when bread and potato were replaced isocalorically by sugar or fat. Wheat gluten and potato protein were used to replace the original protein in diets given to parallel groups. This did not affect the sex weight ratio (Table 2) , although it had a definite influence on weight gain. In this series of investigations a seemingly trivial circumstance proved to have an important effect on growth. The male animals kept in metabolism cages showed better weight gain than their littermates kept in conventional cages (Dalderup & Visser, 1968) . The metabolism cages were placed on top of the racks with the conventional cages; somewhat higher temperature, more (mainly artificial) light, better ventilation, perhaps size and model of the cage, could have been of influence. The effect was not studied in the females.
The lowest bodyweight ratios were seen in animals on the Steenbock-Black ration (Steenbock & Black, 1925; Dalderup, 1959c) , meant to produce ric~ts but given here supplemented with vitamin D, on which females could be heavier than males for 6 weeks and longer, reaching equal weights near the] 2th week on the ration. The highest ratios were found in animals on foods containing butter and margarine, where the male animals reached nearly double the weight of the females, and older males weighing over 500 g were not unusual (Dalderup et aZ., 1967; Den Hartog et al., 1963) . A large part of this difference can definitely be found in the amount of lean body mass; in general with higher ratios the weights of both sexes are also relatively high, but especially the older heavy animals had an 'enormous mass of intraperitoneal fat (on high-and medium-fat rations with butter and margarine) and more so than control stock animals of the same age (inspection, no chemical measurements).
In animals kept on restricted food intake the ratios could vary much (Van der Rijst et aZ., 1955) . The restriction was meant to be to 70 per cent, but it could have varied somewhat owing to technical inaccuracies. An oftenseen tendency to high ratios could also be diminished on some occasions by the food supplements given to the females during pregnancy and lactation.
Low bodyweights of females were seen in animals on Steenbock-Black ration (Steenbock & Black, 1925; Dalderup, 1959c) and after food restriction -below 100 g after 12 weeks on the ration. High weights were seen on foods with butter, giving a high bodyweight ratio between sexes (see also Table 2 ), but also on stock food, on the corn-containing Hoppert-Webber-Canniff ration and on several RAN rations, whether or not supplemented with special items producing a lower sex bodyweight ratio.
On the high-fat foods and on the RAN rations there is a tendency to males dying earlier than females. This becomes distinct only after periods of more than 9 months on the experimental food. From the data of Van der Rijst et al. (1955) concerning the older RAN rations the same was clear, and furthermore that restricted feeding prolongs lifespan (see Table 1 ), especially for the males. Stock food is better than RAN ration in this respect and gives no distinct difference in longevity between the sexes (Table 1) . Weight and weight gain therefore cannot be considered as 'the more the better'. Longevity and reproduction studies seem to be the only way to come to a better description of the best rate of growth. The ratio of the weight of males to females may perhaps give some help. Table 1 shows that the diets on which lifespan was greatest were the stock diet, the RAN 1953 diet when fed in restricted amounts, and RAN 1953 when supplemented with barley. For these the bodyweight ratios were between 1.5 and 1.6 over the age range 6 to 24 months. The RAN 1961 and RAN 1953 + cellulose produced respectively higher and lower ratios and reduced lifespans.
Maintenance of a constant ratio into later life is also a favourable indication of longevity. Thus the F 1 of the group on barley-supplemented RAN food (not reported in Table 1 because of many pregnancies) showed at the end of the experimental period, when they were 15 months old. a ratio of 1.4 and 1.5 in control animals) and barley-supplemented (19.16 animals) respectively, the more favourable group as to lifespan having the higher ratio, although its value became less with time. This was also true for the littermate groups on RAN ad libitum and RAN restricted (Van der Rijst et al., 1955) (Table 1) . Apart from the RAN-restricted group all these groups had an average lifespan of less than 2 years. Of the 2 groups with an average lifespan longer than 2 years of which the bodyweight ratios could still be calculated, the values were 1.4 in the RAN-restricted and 1.5 in the stock animals (Table 1) and were fairly constant moreover.
Altogether a favourable ratio seems to be, therefore, between 1.4 and 1.7; the lower values applying especially to the younger age groups and the highest age groups, whereas the higher ratios apply to the middlemost age groups.
It is a peculiar fact that lifespan can be as long as with the high-protein low-fat stock food as with the low-protein high-fat food in restricted amounts.
A parameter frequently, used to indicate the nutritive value of a certain food, the food efficiency, has been chosen to make comparisons. Usually the food efficiency ratios are calculated from bodyweight gain in grams and food consumption in grams, although in comparisons of widely different foods the food consumption should be expressed in calories. Distaste for foods and a sex difference in appreciation of taste do not playa role as far as is known. Table 2 gives for 3 different studies ( Van der Rijst et al., 1955; Dalderup et al., 1965; Dalderup & Visser, 1969; Dalderup, 1959c; Dalderup et al., 1967) the ratio male to female of the food efficiency. It can be seen that the latter ratio is fairly well paralleled by the bodyweight ratios of both sexes. Estimating the food efficiency ratio means a considerable amount of work in measuring the individual food consumption (daily or twice a week) and time-consuming calculations. Usually this is done over short periods, such as the first 6 weeks of a dietary study. The individual food consumption and weight-gain data allow statistical evaluation of the food efficiency and also of the accuracy of their ratio. For the comparisons of the groups in a certain experiment, usually non-parametric tests were applied, such as Wilcoxon's test or a Kendall test. The bodyweight ratio is simply calculated from the average weights of the groups of males and females in the experiment; it can be studied during the whole lifespan of the animals without any limitation, and requires no other information than these bodyweights. The simple calculation of the bodyweight ratio has furthermore the advantage that without knowledge of the history of the animals presented a reasonably accurate impression can be obtained about the nutritive adequacy of their food. The weights of the females, which are much less influenced by dietary factors than those of the males, can be referred to as the weights for a given age of, for instance, the stock colony.
The accuracy of the bodyweight, weight gain, food consumption and food efficiency data and their ratios can be indicated by their standard deviations. On calculating these it was seen that the dispersion of the individual rat data in a group was constant for all experiments through the years, if the results were expressed as the relative standard deviation, e.g. in percentages of the average values of the given groups. A difference between male and female groups in this respect was not found. Most of the calculations were done for 6-week experimental periods started at weaning, since food consumption data were usually not present over longer periods. For groups of 8-20 animals of one sex the relative standard deviations were (per cent):
Mean
Range food consumption 11 6-16 weight gain 15 6-30 food efficiency 13 5-30 bodyweight 12 5-22
The bodyweight ratios also have a standard deviation of 12 per cent. The relative standard deviation of the bodyweights remains constant during the life of the group-at least if the number of survivors is not becoming too small-which is consistent with the observation that those dying early are neither the fattest nor the thinnest. The calculations were extended to animals of about 8 months, 1 year and older. ACKNOWLEDGMENT Especially for the non-published earlier work on the RAN rations I must acknowledge the tremendous amount of work done by Mrs M. P. J. Van der Rijst. The scope of her work goes far beyond the data used from it for this review.
